Introduction
Braille is a well-known tactile substitution for visual letter forms used by the blind, consisting of patterns of raised dots that can be read with the fingertips. Neural substrates for Braille reading in blind people have been explored using various imaging methods. Using F-18 fluoro-deoxy-glucose (FDG)-PET, WanetDefalque et al. (1988) showed a high rate of glucose utilization in the occipital cortex in early-blind subjects, suggesting that visual areas are activated by tactile stimuli in the absence of visual input. Using electroencephalography (EEG), Uhl et al. (1991) found evidence to suggest that tactile inputs could produce occipital cortex activation in blind subjects. Using PET with O-15 water, the occipital cortex, including the striate cortex, was activated when early-onset blind subjects read Braille and carried out other tactile discrimination tasks (Sadato et al., 1998 (Sadato et al., , 1996 , a finding which was later confirmed in fMRI investigations (Amedi et al., 2003; Burton et al., 2002; Sadato et al., 2002) . Together, these results suggest that visual deprivation induces plastic changes in the patterns of activation observed in occipital cortex.
In addition, it was revealed that these changes are agedependent: tactile discrimination tasks activated the extrastriate cortex of both early-onset (<16 years old) and late-onset (>16 years old) blind subjects, whereas striate cortex was activated only in the early-onset group (Sadato et al., 2002) . Moreover, these changes in neural activation appear to be related to visual deafferentation rather than long-term learning, as late-onset blind subjects who were naïve to Braille also showed activation in the extrastriate cortex during a tactile discrimination task (Sadato et al., 2004) . These findings suggest that visual deprivation in early life is related to the patterns of striate cortex activation during Braille reading.
Lesion and pseudo-lesion studies have also explored the functional relevance of the occipital cortex activation by tactile input in blind participants. Cohen et al. (1997) applied repetitive transcranial magnetic stimulation (rTMS) to the mid-occipital region of blind and sighted subjects, and showed that this To investigate connectivity between primary somatosensory area (S1) and striate cortex (V1) in the blind, we used dynamic causal modeling of functional MRI acquired while 15 blind (9 early-onset and 6 late-onset) and 24 sighted subjects performed a tactile Braille discrimination task with their right hand. Five regions of interest were selected from either the ventral or dorsal pathways: left S1, anterior intraparietal sulcus (aIPS), superior occipital gyrus (SOG), inferior occipital gyrus (IOG), and V1. Bayesian model comparison showed that a cortico-cortical feedback pathway model without direct connections between V1 and S1 performed better than that with direct connections. In the blind, baseline connectivity and its discrimination-specific modulation in aIPS-SOG and aIPS-IOG were positive and bidirectional, while they were negative in the sighted. Thus visual deprivation may induce reorganization of the visual cortical areas due to the competitive shift for tactile inputs. The early blind showed stronger connectivity than the late blind in the dorsal pathway (aIPS-V1 through SOG) and in SOG-IOG bidirectionally. Task performance positively correlated with baseline connectivity of SOG-V1 and SOG-IOG across blind subjects. Therefore, dorsal visual regions are involved in the functional shift in V1 from visual to tactile information processing in blind subjects.
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